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2. 以明胶、GPSM 与 0.1 M HCl 作为溶胶-凝胶反应体系，探讨了明胶-硅氧烷
溶胶分子生长机制。随着明胶浓度以及 GPSM 与明胶的质量比的提高，该
体系的溶胶-凝胶反应速度都会提高。 
3. 以明胶、GPSM 与 98%的甲酸作为溶胶-凝胶反应体系，采用电纺丝法，制
备得到了明胶-硅氧烷纳米纤维骨组织工程支架材料。当以 98%甲酸作为溶
剂，明胶质量浓度为 20%，GPSM 与明胶质量比为 1 : 1，Ca(NO3)2 与明胶
质量比为 0.05 : 1 时，在溶液粘度达到 68224 mPa•s，调节电纺丝参数为固
化距离 30 cm，电压 25 kV，流速 2 μL/min，得到的纳米纤维材料表面光滑，
形状规整，立体性好。 
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Abstract 
Tissue engineering, an emerging multidisciplinary field to revolutionize the ways we 
improve the health and quality of life for people, promises the regrowth of adult tissue 
structure through the application of engineered cells and synthetic material. The scaffold 
used in tissue engineering provides the necessary support for cells to proliferate and maintain 
their differentiated function, and its architecture defines the ultimate shape of the new tissues. 
hybridization among biodegradable polymers, i.e., gelatin and chitosan with the bioactive 
inorganic species, i.e., Si-OH group and Ca2+ ions, may construct a promising scaffold for 
tissue engineering. 
 In this work, gentamicin-sulfate (GS)-loaded gelatin-siloxane microshperes were 
synthesized and then integrated with gelatin-siloxane through a sol-gel processing. The 
mechanism of this sol-gel process was further explored. Moreover, gelatin-siloxane 
nano-fibers were fabricated by electrospinning. The main results are as follows: 
1. GS-loaded gelatin-siloxane microshperes were synthesized and then integrated 
with gelatin-siloxane hybrid scaffolds were through a combined processing of 
sol-gel, post-gelation soaking, and freeze-drying, and the as-synthesized 
scaffolds are antibacterial and biocompatible. 
2. The mechanism of the sol-gel process was investigated by determining of 
viscosity of the sols. It was indicated that a higher gelatin and GPSM 
concentration might lead to a higher reaction rate. 
3. When the viscosity of the sol, which is composed of 20% gelatin in 98% formic 
acid and appropriate GPSM, reached to 68224 mPa•s, the ultra-sleek 
gelatin-siloxane nano-fibers could be fabricated by electrospinning this sol at a 
25 kV voltage, 2 μL/min flow rate, and 30 cm air gap. 
4. Gelatin-siloxane nano-fibers fabricated by electrospinning showed in vitro 
bioactivity as they could biomimetically deposit apatite after soaking in simulated 
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5. The rabbit bone mesenchymal stem cells (BMSCs) could adhere and spread on 
the surface of gelatin-siloxane nano-fibers. Moreover, BMSCs proliferated at a 
steady rate in the culture period and excrete lots of ECMs. Therefore, the 
gelatin-siloxane nano-fibers were biocompatible. 
 









































图 1-1 组织工程原理示意图 





























































羟基乙酸(polyglycolic acid，PGA) 及其共聚物是 常用的,但植入体内后降解慢,与
周围组织有免疫排斥反应，可引起淋巴细胞浸润和吞噬反应[7]。生物陶瓷类中羟基
磷灰石( hydroxyapatite , HA) 、磷酸三钙(t ricalcium phosphate ,TCP) 、钙磷陶瓷

















有机-无机多孔复合材料。Devis 等[9]按一定比例将 HA 与 PLGA 材料复合后用于骨
修复，实验结果表明其抗压弹性模量随着 HA 成分增加而增加，HA 的引入不但改
善了 PLGA 机械性能差、降解速度快、骨结合力弱等特点，而且有助于改善聚合物




































1） 溶剂化：能电离的前驱物-金属盐的金属阳离子 M Z+ 将吸引水分子形成溶
剂单元 M(H2O)(Z 为 M 离子的价数)，为保持它的配位数而有强烈地释放
H+ 的趋势。 
 ( 1)2 2 1( ) ( ) ( )
Z Z
n nM H O M H O OH H
+ − +
−→ +  
2） 水解反应：非电离分子前驱物，如金属醇盐 M(OR)n(n 为金属 M 的原子价，
R 代表烷基)，与水反应，反应可持续进行，直至生成 M(OH)n。 
 2( ) ( ) ( )n x n xM OR xH O M OH OR xROH−+ → +  
3） 分为失水缩聚： 2M OH HO M M O M H O− − + − → − − +  
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